Purpose: The present study was designed to determine the relationships between sarcopenia and diabetic peripheral neuropathy (DPN) in patients with type 2 diabetes mellitus (T2DM) and diabetic foot disease (DFD) respectively. Patients and Methods: A total of 1104 patients with T2DM and 257 patients with DFD were included in the study, which was designed as a cross-sectional study. Body composition was assessed using dual-energy X-ray-absorptiometry (DXA). The diagnosis of sarcopenia was based on the Baumgartner criteria. DPN was assessed by Neuropathy symptom score (NSS) and Neuropathy disability score (NDS), and the severity of neuropathy was divided into non-neuropathy symptom (NS), Mild NS, Moderate NS and Severe NS according to NSS. Logistic regression analyses were carried out to determine the relations of sarcopenia and DPN in patients with T2DM and NSS in patients with DFD, respectively. Results: The prevalence of DPN was 80.0% in T2DM patients with sarcopenia and 70.3% in non-sarcopenia patients (P=0.007). Logistic regression analyses showed DPN was one of the independent risk factors for sarcopenia in T2DM patients (OR 1.564 [95% CI: 1.004, 2.435], P=0.048). The prevalence of DPN had no statistical significance in DFD patients with or without sarcopenia. However, the NSS of DFD patients with sarcopenia was higher than that of non-sarcopenia patients. In the multivariate logistic regression analysis, NSS was determined to be associated with sarcopenia in DFD patients (OR 1.387[95% CI: 1.074, 1.789], P=0.012). The appendicular lean mass (ALM) of DFD patients without NS was higher than patients with mild, moderate and severe NS (20.71±2.73 vs 16.57±3.62 vs 17.99±3.54 vs 17.23±3.29 Kg, P=0.028). Conclusion: DPN is an independent risk factor for sarcopenia in patients with T2DM and NSS is also independently correlated with sarcopenia in patients with DFD, with the latter being more obvious with the aggravation of neurological symptoms in DFD patients.
Introduction
Having been defined as a geriatric syndrome, sarcopenia is characterized with agerelated loss of muscle mass and accompanying decline in physical function. nutrition, immunity, hormones, central and peripheral nerves, as well as many chronic diseases. [6] [7] [8] [9] Diabetes is one of the important risk factors for the occurrence of sarcopenia. Studies have shown that people over the age of 60 have a higher risk of developing sarcopenia in type 2 diabetes mellitus (T2DM) than non-diabetic patients. The risk of muscle loss in diabetic patients is three times higher than that in non-diabetic patients. 1 The reason why diabetic patients are prone to sarcopenia has not been fully elucidated. But there is evidence that some pathogenesis of sarcopenia is closely related to diabetes, including age, malnutrition, insulin resistance, chronic inflammation, mitochondrial dysfunction, neurovascular complications, poor glycemic control, high blood sugar level and long-term medication. [10] [11] [12] [13] [14] [15] Diabetic peripheral neuropathy (DPN), one of the common complications of diabetes, has been developed by approximately 30% to 50% of diabetes mellitus patients. 16, 17 DPN is germane to the occurrence and development of sarcopenia, and its relationship with muscle weakness has been reported in several studies. [18] [19] [20] [21] Metabolic and microvascular impairments in DPN damage the intraneural capillaries that supply the peripheral nerves and lead to sensory loss, pain, and muscle weakness. 22 Compared with diabetes alone, DPN can lead to accelerated muscle mass loss in diabetic patients. 23 Remarkably, some clinical studies on the relationship between DPN and sarcopenia as there are in diabetic populations, very few studies have shown the association between two of them in patients with diabetic foot disease (DFD). DFD is a severe chronic diabetic complication, consisting of lesions in the deep tissues associated with neurological disorders and peripheral vascular disease in the lower limbs. 24 Nearly 30% of patients with DPN will develop a foot ulcer within 2 years of diagnosis of severe DPN. 25 Our research team has found that sarcopenia is one of the independent risk factors for DFD in previous studies, 26 but no specific relationship between DPN and sarcopenia in DFD patients has been found in clinical studies. Therefore, the purpose of the present study was to explore the relation between DPN and sarcopenia in two populations of T2DM and DFD.
Materials and Methods

Study Design and Participants
This cross-sectional study included 1104 patients with T2DM admitted to the Department of Endocrinology of ); a history of thyroid or adrenal diseases. The patient consent was written informed consent, and this study was conducted in accordance with the Declaration of Helsinki. This study was approved by the Affiliated Hospital of Chongqing Medical University.
Clinical Data Collection
Patient history included data on demographic characteristics, type and duration of diabetes, microvascular and macrovascular comorbidities, and smoking habits. Physical examination included objective evaluation for peripheral neuropathy and peripheral arterial disease (PAD). PAD was defined as an ankle-brachial pressure index (ABI) less than 0.9 with additional investigation by means of duplex ultrasonography or angiography. Laboratory examination: white blood cell, hemoglobin, neutrophil, alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglyceride, total cholesterol, lowdensity lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), glycosylated hemoglobin (HbA1c), serum creatinine, blood uric acid, urinary microalbumin to creatinine ratio (UACR). Body mass index (BMI) was calculated by dividing weight by the square of height. Plasma glucose levels were measured using a biochemical analyzer (BS-380; Mindray Medical International, Shenzhen, China). HbA1c was measured using borate affinity high-performance liquid chromatography (Trinity Biotech, ultra, Dublin, Ireland). Serum lipids including total cholesterol, triglyceride, HDL-c, and LDL-c were measured enzymatically by an automatic analyzer (Model 7080; Hitachi, Tokyo, Japan) with reagents purchased from Leadman Biochemistry Co. Ltd. (Beijing, China). Serum creatinine, urinary creatinine and albumin were measured with an automatic biochemical analyzer (Modular DDP, Roche). Urinary microalbuminuria to creatinine ratio (UACR) was calculated. Body composition was measured using DXA Hologic 
Assessment and Diagnosis of DPN
Neuropathy symptom score (NSS) and Neuropathy disability score (NDS) were used to assess the degree of neuropathy in patients with DPN. NSS was evaluated by asking patients about their experience of pain or discomfort in the legs. NSS: 3-4 were classified as mild NS, and 5-6 were classified as moderate NS, 7-9 were classified as severe NS. NDS was derived from examination of the ankle reflex, vibration, pin-prick and temperature (cold tuning fork) sensation at the great toe. NDS: 3-5 were classified as mild ND, 6-8 were classified as moderate ND, and 9-12 were classified as severe ND. 29 The minimum acceptable criteria for a diagnosis of peripheral neuropathy were moderate signs with or without symptoms, or mild signs with moderate symptoms. Mild signs alone or with mild symptoms were not considered adequate to make a diagnosis of peripheral neuropathy. 18 Nerve conduction velocity (NCV) was mea- 
Results
Study Population Characteristics of T2DM and DFD Patients
Clinical characteristics of patients with T2DM are presented in Table 1 . A total of 1104 patients were included in this study, including 204 with sarcopenia and 900 without sarcopenia. The mean age of the participants was 64.35±9.32 years, of which 57.4% were male. Sarcopenia was diagnosed in 16.5% of males and 16.4% of females.
As can be seen from Table 1 , compared with subjects without sarcopenia, patients exhibited higher percentage of DPN ( Figure 1A ) and DF in T2DM patients with sarcopenia. The age and levels of HDL-c were also higher than that of subjects without sarcopenia. Sarcopenia patients exhibited lower levels of BMI, waist circumference, hypertension, hemoglobin, ALT, AST, uric acid, triglyceride, HDL-c and left motor peroneal nerve conduction velocity compared to subjects without sarcopenia. Clinical characteristics of patients with DFD are shown in Table 3 . A total of 257 patients were included, including 91 patients with sarcopenia, and 166 patients without sarcopenia. The mean age of the participants was 66.42 ± 11.07 years, of which 64.6% were male. Sarcopenia was diagnosed in 48.8% of males and 23.1% of females. Compared with non-sarcopenia patients, DFD patients with sarcopenia had higher level of age, duration of DFD. The proportion of male, smoking and coronary heart disease were significantly higher in patients with sarcopenia ( Table 3 ). The proportion of DPN was not statistically different between subjects with and without sarcopenia in DFD patients ( Figure 1B) . Importantly, patients with sarcopenia had larger NSS than DFD patients without sarcopenia.
Risk Factors of Sarcopenia in Logistic Regression in Patients with T2DM and DFD
Univariate and multivariable-adjusted models were used for evaluating the relationship between potential risk factors and sarcopenia in patients with T2DM. The continuous variables age was transformed into grade variables according to the intervals as below: age (30≤age<60 years, 60≤age<70 years, 70≤age<80 years, 80≤age<90 years). In separate univariate logistic regression models, age, hemoglobin, triglyceride, DFD and DPN were significant risk increasing factors, and DPN (OR 1.678 [95% CI 1.148,2.480], P =0.008) was a significant risk factor (Table 2) . Hypertension, uric acid and ALT were protective factors for sarcopenia. After adjusting for age (Model 1), the relationship between DPN and sarcopenia remains the same (OR 1.507[95% CI 1.016,2.236], P=0.042). In the multivariate-adjusted model analysis, DPN was an independent risk factor for sarcopenia (OR 1.564[95% CI 1.004, 2.435], P=0.048) after adjusting for age, hypertension, hemoglobin, uric acid, triglyceride, ALT and DFD (Model 2).
As shown in Table 4 , univariate and multivariableadjusted models were used for evaluating the relationship between potential risk factors and sarcopenia in patients with DFD. Univariate analysis revealed that the following variables were significantly associated with mortality: age (OR 1.033[95% CI 1.009,1.057], P=0.007), gender (Male) (OR 
The Relationship Between Varying Degrees of Neuropathy and Sarcopenia in Patients with DFD
Patients with diabetic foot disease were divided into non-NS, Mild NS, Moderate NS and Severe NS according to NSS. There were significant differences in the proportion of sarcopenia among the four groups (2% vs 18% vs 50% vs 30%, P = 0.015). Among patients without NS, the proportion of non-sarcopenia was higher than that of sarcopenia (90.9% vs 9.1%, P < 0.05), while in patients with severe NS, the proportion of sarcopenia was higher than that of non-sarcopenia (58.4% vs 41.7%, P < 0.05) ( Figure 1C Figure 1D ). In addition, ALMI in patients without NS in males with DFD was higher than in patients with severe NS (7.59±0.51 vs 6.66 ±0.92, P=0.016) ( Figure 1E ). According to the NSS of female DFD patients, they were divided into 4 groups, with no statistically significant difference in ALMI (P=0.387) ( Figure 1F ).
Discussion
In the present study, we investigated the relationship between DPN and sarcopenia in patients with T2DM and DPN. The prevalence of DPN ranges from 13% to 68% in diabetes populations. 30 Prolonged DPN is known to result in significant skeletal muscle deficits in this patient population, including neurogenic muscle atrophy, loss of muscle strength, power, and endurance. 21, 31 Among the various mechanisms of DPN leading to the decline of muscle mass and strength, one of the important factors is acceleration of DPN on axonal loss. 23, 32, 33 The loss of motor units results in muscle weakness, atrophy, and intramuscular fatty infiltration. 34, 35 As expected, DPN is associated with sarcopenia in patients with T2DM in this present study, which agrees with data from previous reports of the correlation between DPN and sarcopenia in diabetic patients. 36 Our study shows that diabetic patients with sarcopenia have a significantly higher prevalence of DPN than non-sarcopenia patients. In addition, this present study suggested that DPN was an independent risk factor for sarcopenia adjusted by multiple influencing factors. The important effect of DPN on skeletal muscle is the accelerated loss of muscle mass, compared to diabetes without Complications. 23 Reduction of lower limb muscles can reduce the activity of DPN patients, leading to gait changes, increased risk of falling and impaired balance. This may give rise to fracture, poor wound healing, chronic infection, and even amputation. 2, 3, 5 To the best of our knowledge, there are very few studies showing the association between DPN and sarcopenia in patients with diabetic foot disease. In our study, the proportion of DPN had no statistical difference in DFD patients with or without sarcopenia. However, this does not mean that DPN is not associated with sarcopenia in DFD patients, as the majority of the entire DFD population has neuropathy. This probably resulted in no statistically significant difference in the proportion of DPN in DFD patients with or without sarcopenia. Our research team found in previous clinical studies that skeletal muscle loss is an independent risk factor for DFD. It was observed that NSS was higher in DFD patients with sarcopenia. The severities of DPN were classified into non-neuropathy, mild, moderate and severe according to NSS in order to explore the detailed relationship between DPN and sarcopenia in patients with DFD. Our study shows that very few patients with no neuropathy symptoms suffer from sarcopenia in patients with DFD, whereas the proportion of patients with severe NS is significantly higher ( Figure 1C ). This may indicate to some extent that NS may be detrimental to skeletal muscle mass and may become more pronounced as NS severity increases. Similarly, appendicular lean mass of patients without NS was higher than in patients with NS, regardless of severity. In accordance with other studies, DPN patients had a 57% decline in dorsiflexor muscle volume (4.5% per year), a 61% decline in plantar flexion volume (5% per year) and a 29% loss in foot muscle volume (3% per year) over a 12-year period. 18 Skeletal muscle atrophy may be related to increased advanced glycation end products and receptors or reduced insulin signaling in skeletal muscle. 37, 38 Interestingly, in our study, the ALMI of DFD patients without NS was higher than patients with severe NS but that seems to occur only in male patients. This may be due to the fact that the proportion of males in our cohort with DFD is significantly higher than that of females, but may also indicate that there might be a sexual dimorphism in the susceptibility to muscle loss associated with DPN. In addition to affecting the skeletal muscle mass of diabetic patients, DPN also affects the strength of skeletal muscle. Studies by Andreassen et al suggested that muscle strength losses of lower limb are more severe in patients with DPN than in simple diabetes. 18 The muscle strength of the leg muscles is reduced by 3% to 6% per year according to the severity of neuropathy. 18, 21 Importantly, muscle strength loss in the leg muscles is associated with neuropathy scores. 39, 40 Unfortunately, we were unable to assess the correlation between neuropathy and muscle strength due to the lack of grip strength measurements in our subjects. There are some limitations in this study. This study aimed at investigating the association of sarcopenia and DPN, therefore, subjects with type 2 diabetes were recruited. Due to a high risk of sarcopenia in patients with type 2 diabetes, the detection signal bias might be caused. In addition, subjects were selected among hospitalized patients in a single center, which might lead to an admission rate bias. These biases should be considered when looking at the effect size of DPN on sarcopenia. Only NSS was used to explore the relationship between neuropathy and sarcopenia may not be convincing enough in DFD patients. We do need to collect larger sample size data to confirm a more specific relationship between DPN and sarcopenia. As a retrospective and cross-sectional study, our objective was to investigate whether DPN was independently associated with sarcopenia. We could not identify any causal relationship between sarcopenia and DPN, and prospective or interventional studies in the future are needed to unravel this question.
Conclusion
In conclusion, it is shown that DPN is an independent risk factor for sarcopenia in patients with T2DM and NSS was also independently correlated with sarcopenia in patients with DFD. Moreover, with the aggravation of neurological symptoms, the correlation between NSS and sarcopenia became more obvious. Although a causal relationship between sarcopenia and DPN remains to be established, the current study expands the current knowledge on the relationship between sarcopenia and DPN, and highlights DPN might be an important risk factor for sarcopenia in T2DM patients, especially in patients with DFD. 
